Investigations. The haemoglobin was 8-5 g./100 ml., red blood cell count 3 -6 x 1IO/c.mrn., haematocrit 25 %, mean corpuscular volume 69 -4 c. ±, mean corpuscular haemoglobin concentration 34-2%, mean corpuscular haemoglobin 23 -8 pg., and mean corpuscular diameter 8 -4 ,s. The reticulocyte count was 8%, white blood count 3,800/c.mm. and platelets 180,000/c.mm. The blood film showed anisocytosis and poikilocytosis of the red cells with many microcytes and some target cells (Fig. 2) . The osmotic resistance of the red cells was increased (Fig. 3) . The glutathione stability test (Beutler, Robson, and Buttenwieser, 1957) was normal and a direct Coombs' test was negative.
The serum bilirubin was 1-9 mg./100 ml., serum albumin 4-1 g./l 00 ml., globulin 3 -9 g./100 ml., and haptoglobin very low with a haptoglobin-4aemoglobin binding capacity (Rowe, 1961) of less than 0-2 mg./ml. of serum. The serum alkaline phosphatase was 10 King-Armstrong units. The serum iron was high (219 gj/100 ml.) and the total iron binding capacity of the serum was 263 t.g/1I00 ml. Serum total lipid was 420 mg./100 ml., total cholesterol 125 mg./100 ml., and the lipoproteins separated by electrophoresis (Salt and Wolff, 1957) were normal. Radiographs of the skeleton showed the changes of a chronic haemolytic anaemia.
Foetal haemoglobin estimated by an alkali denaturation technique (Singer, Chemoff, and Singer, 1951) was 87-5% of the total haemoglobin. Haemoglobin A2 determined by paper electrophoresis (Ibbotson and Crompton, 1961) was 4 50% of the total haemoglobin.
No abnormal haemoglobins were detected by electrophoresis on paper and on cellulose acetate in barbitone buffer atpH 8 -6 (Fig.4) , or by paper electrophoresis using the modified trishydroxymethylaminothane buffer of Cradock-Watson, Fenton, and Lehmann (1959) at pH 8 -6 (Fig. 5 ).
P ss In the two years since diagnosis there has been little change in the clinical condition. She has not had severe haemolytic crises or required blood transfusions and the haemoglobin has remained in the region of 8-5 g./100 ml. The jaundice has fluctuated with serum bilirubin levels between 2-4 and 4-6 mg./100 ml. The spleen has enlarged to 21 in. (6 -4 cm.) formiminoglutamic acid in the urine after oral histidine (Hayward, 1962) A and A., in TRIS buffer at pH 8 6.
long as can be remembered and there is no known record of foreign ancestry. Fig. 6 shows the family tree. We were able to examine blood from the only surviving grandparent, both parents, three of the father's five sisters, the mother's brother, and the patient's brother. With the exception of the mother's brother all were found to have heterozygous thalassaemia with anaemia, increased corpuscular resistance, and raised levels of haemoglobin A2. Increased levels of haemoglobin F were also found in 6 out of the 7 heterozygotes. These results are summarized in the Table. The paternal grandmother has been treated for many years for presumed pemicious anaemia, and, though this diagnosis has not been confirmed, she responded to vitamin B12 injections. One of the father's sisters (11.4) has been diagnosed as having iron deficiency anaemia, and during the past eight years has had prolonged treatment with both oral and intramuscular iron without effect. Both parents were 'thought to be anaemic' during childhood and received oral iron. The other affected members of the family are symptomless.
Discussion The diagnosis of thalassaemia in our patient was established by the haematological features, the raised levels of haemoglobin F and A2, and the family study. The absence of abnormal haemoglobins rules out a combined haemoglobinopathy. The increased levels of haemoglobin F and haemoglobin A2 indicate a > chain thalassaemia (Ingram and Stretton, 1959) . The fact that both parents have thalassaemia and that the patient has a very high level of haemoglobin F strongly supports the diagnosis of homozygous thalassaemia in the patient. The haemoglobin A value of 4 -5 , is just above the normal range for the method used (Ibbotson and Crompton, 1961) , and though Kunkel, Ceppellini, Mililer-Eberhard, and Wolf (1957) reported haemoglobin A2 values to be low in the homozygous form of the disease, Fessas (1959) showed that the values were very variable, ranging from subnormal levels to 13300,/, with no correlation between the haemoglobin level and the haemoglobin A2 content. The affected relatives show the features of heterozygous thalassaemia: anaemia, increased osmotic resistance of the red cells, minimal increases in the amounts of haemoglobin F (with the exception of one paternal aunt, 11.2, who had no increase in haemoglobin F), and raised values for the percentage of haemoglobin A.. The haemoglobin A2 value for the brother is very high but is only just above the upper limit of 15 % quoted as occurring in thalassaemia (Lehmann and Ager, 1960) . The values in the other affected subjects agree with those reported in thalassaemic heterozygotes by Ibbotson and Crompton (1961) whose method gives higher results than the starch block method of Kunkel and Wallenius (1955) .
The clinical presentation in our patient is of interest, jaundice being the main feature and the anaemia being relatively mild. Dacie (1960) states that overt jaundice is unusual in homozygous thalassaemia. Cooley and Lee (1925) , however, noted jaundice in most of their original cases and jaundice has also been described in the heterozygous state (Rietti, 1946; Robinson, Vanier, Desforges, and Zuelzer, Neel, and Robinson (1956) have shown that patients with heterozygous thalassaemia may have severe anaemia. The importance of considering the diagnosis of thalassaemia in iron refractory anaemia (Garrett and Morton, 1960; Josse, 1962; Roberts, 1963 ) is confirmed by our study. Three members of the family with heterozygous thalassaemia had previously been treated with iron, and in one of them the treatment was prolonged and included intramuscular administration. Haemosiderosis is reported in both homozygous (Ellis, Schulman, and Smith, 1954) and heterozygous (Etienne-Martin, Klepping, and Binet, 1959) thalassaemia and the possible harmful effects of prolonged iron treatment emphasize the need to make a correct diagnosis. This can only be done with certainty by investigation of the patient's haemoglobin, though the demonstration of increased resistance of the red cells to hypotonic saline is a ueful screening test. A family study is necessary to distinguish the homozygous from the heterozygous state.
Folic acid deficiency has been reported in thalassaemia and even in the absence of a megaloblastic blood picture the anaemia may respond to treatment with folic acid (Luhby and Cooperman, 1961) . In the absence of definite proof of pernicious anaemia in the patient's grandmother we suggest that the possible vitamin B12 deficiency may have been related to her thalassaemia.
The origin of the thalassaemia gene in the English population is unknown. Commerce and conquest have brought Mediterranean peoples to the British Isles many times over the past two millenia and the gene may have been introduced at a time too remote for recall by family records. Sporadic mutation has also been suggested, and Bannerman (1961) considers that this explanation is more likely than the migration hypothesis. Whatever the origin of the gene, however, it is clear that the clinician should no longer be influenced by race in the diagnosis of thalassaemia. The presence of the gene in English people has been firmly established by the increasing number of reports of the heterozygous state but our finding of the only confirmed homozygote in a family in which consanguinity has occurred suggests that the gene frequency is low in Great Britain. Summary A 6-year-old English child presented with jaundice and was found to have homozygous P chain thalassaemia. Eight other members of the family were investigated, and seven, including the parents who are related, have heterozygous thalassaemia. Three of the seven heterozygotes had in the past received iron therapy for their anaemia.
